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ABSTRACT

Under contract DAAD(05-71-C-0302 with the U.S, Army lLand Warfare
Laboratory, Unidynamics/Phoenix, Inc. performed a six-month
program to evaluate military applications of UPACT a proprietary

acrylamide polymer developed by Unidynamics.

ST ST A TR N ARSI T MO T

Data characterizing the unique water absorption characteristic
of the material was generated, and both laboratory and field

feas:bility studies were conducted in the following areas:
© Jconditioning of tactical surfaces
@ Purifying water~contaminated POL products

® Denial of potable water

M5t R 051 Kot

@ Disabling internal combustion engines

® Demonstrating capability of expanding UPAC to perform

useful work

It was found thiat UPAC can be successfully used for all of these
applications in varying degrees. [t appears to be especially
useful for dust suppression, POL decontamination, enygine disabling,

and performing work, perhaps even a timing function. Denial cf
standing water supplies is pnssible, but requires rather large
quantities of UPAC. A potential application in this area, however,

lies in the use of a water pipe plugging device,

Further studies in all these areas are required for proper devel-
opment of the concepts involved. LWL's reconmended approach Lo

§
i
§; ‘ these studies is outlined in the document.

& Trradiated Polymeric Acrylamide

i
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Under the auspices of the U. S. Army Land Warfare Laboratory,
Aberdeen Proving Ground, Maryland, Unidynamics/Phoenix began
work 5 April 1971 on contract DAADOS5-71-C-0302. The objective
of the contract was laboratory and field evaluation of the
military applications of UPAC, a proprietary acrylamide polymer
developed by Unidynamics. The evaluation was to be performed

in a period of six months and consisted of:

® Characterization of the water absorbing properties of
UPAC over a range of temperature, water hardness and

polymer particle size.

Utilization of the material for conditioning various

o
tactical surfaces, removing dissolved and suspended
water from POL products, denial of potable wat.er and
disabling internal combustion engines.

e Demonstraticon of the capability of the material to

perform useful work as it absorbed water and expanded.

This document is the final report on the subject contract.

Ty



MATERIAL PREFARATION
The preparacion of UPAC is accompiished by the following metl.od.
2CHCONH,. is

L
prepared by dissclving the moncomeir in warm distilled wate-. The

A 40 percent by weight solution of acrylamide, CH

solution is stirred until the acir,lamide is completely dissolved,
Removal of oxygen from the system is important, since oxygen
inhibits the formation of the long-chain polvmer. The solution

is therefore de-aerated in a vacuum for approximately two hours.
At this time, the monomer mixture is transferred to a polyethylene
bag supported by a metal container. Each bag holds up to four
liters of solution. The solution is de-aerated again, this time
by passing nitrogen gas through it. The bag is then sealed and

is ready for polymerization.

Polymerization is accomplished by exposure to a Cobalt-60 radiztion
source. The dose is approximately 100 RADs/minute for 100-120
minutes. Initially the polymerized material is firm, rubkery and
clear. It is dried at 105°C for five to seven days ard then

ground to the desired particle size. The dried material is rigid
and translucent. In this condition, it is capable of absorbing
large quantities of water and growing to many times its dry weight.

In water, the UPAC again bheccmes clear and semi-solid. It retains

its original shape on hydration and dehydration.

R AT AN B S g
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CHEMICAL ANI: PHYSTICAL PROPERTIES

e Tt

UPAC is a hard, amorphcus solid, yellow to off-white in color.
Oon standing in a closed container an ammoniacal odor sometimes
develops. The material can be machined easily or ground and
bolted to powder of nearly any particle size. The specific

gravity cf UPAC is 1.25-1.35 g/cc.

KA T 8 B,

The material is a polymer of unknown structure and molecular
weight. Ratio of amide/imide bonds is uncertain and probably
subject to changa with time (suggestad by aminonia production on
standing). It is inseluble in virtually all solvents studied
to date except for liquified phencl (80% phenol in water). The
pH of water containing hydrated UPAC is 7.5 to 8.0.

B cratss

i g
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‘ The amount of.water absorbed by UPAC and the resultant increase

in volume can be varied by changing the acrylamide derivatives
polymerized. The standard material {a hcmopolymer of

im0

which are
propenoic acid amide) used in the subject studies absorbs 180

g

times its weight in distilled water.

T R,

The presence of ionic solutes in the water to be absorbed, however,
depresses both growth rate and (especially) eventual total growth.
Theve has been no effort to characterize this effect in terms of

i

ionic species or concentrations nor has there been a systematic

B

study of the effects of nonionic solutes. Growth in physiologi-
cal saline (9g NaCl/l) ic approximately 15% of growth in
distilled water. Growth in "hard"” water (520 ppm cacoz) is
approximately 25 percent of that in distilled water. Variation in
termperature between 40° and 100°F has little effect on growth

rate and no effect whatsoever on the tatal growth of UPAC.

When hydratinc, the UPAN's tend ‘o retain their shape anl generally.

the swollen material is identical in confiquration with the

If the swollen material is not deformed in any way

original.




{and most "JPAC's are relatively tough in the swclien state) it
returns to the approxirate original dimensions when dried, This
"memory" it a key property in the capability of the material to
cycle mere or less indefinitely through hydration-dehydration.

With some of the special preparations made, recycling was difficult
or impossible to achieve because of the soft, gelatinous nature

of the hydrated material.

As one would expect from solubility data, fully hydrated UPAC

exhibite ~ero osmotic pressure. While the material is hydrating,

however, a considerable head can be developed, When the water
and UPAC are separated by a barrier freely permeable to the
liquid and impermeable to the polymer, pressures as high as
500-700 psi have been obtained. As indicated in other portions

of this document, this pressure can be utilized to do work.

The rate of water absorption is naturally a function of the
surface area/weight ratio of UPAC oxposed to water. Preliminary
data shows that once the surface/mass ratio reaches about 100:1
(mean particle diameter of 0.45 mm or approximately 50 mesh)
yrowth rate reaches a maximum, This maximum is full growth in
15 minutes, provided the growth occurs in an excess of water.

At surface-to-mass ractios of l:1 or less, growth is very slow

and may not be attained for several days.

Once wataer ig imbibed in UPAC there is no way ©of removing it
except by drying. Drying may be accomplished between 70°F and

220°F 1f the ambient relative humidity is 50 percent or less.

: Drying rate is accelerated, ot course, Ly higher temperactures

E and :s related to surface area/mass, Drying can also be
accomplishecd Ly Lyophilizaticn procedures but the product of
such drying is always a fine powder since freezing the swollen
polymer destroys its integrity. Heat and air dried material can

be recycled through the hydration step again with no apparent

AR

change iy, absorption capacity. Lyophilized material has not
been studied to determine whether or not it, too, can be recycled
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TABLE {
Time change of Orig.nal Weight Ia
{hours) Soft H€,0 Ma24. Haid H,O Hard H20
1 58.0 Ix.5 22.0
2 983.0 52.5 32.0
3 123.Q 64.0 35.0
5 145.5 73.0 44 .0
Curve Soft Water
Curve 2 Medium Hard Water
2001 Curve 3 Hard Water
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FIGURE 1
COMP ARI SON OF ABSORPTION RATE 75F » 10 MESH SIZE
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LABORATORY EVALUATIONS

Water Absorption Characteristics. To determine water absorptionn

characteristics for UPAC, tests were done using three particle
sizes (>10, 10-50, 30-6" mesh) at different temperatures and
varying hardness of water, The temperatures for the tests were:
40°F, 75°F and 100°F. The gradec of water used were: 1) hard--
approximately 520 ppm CaCO3; 2 soit--~less than five ppm CaCO37
3) medium hard--approximately 260 ppm CaCO3.
Based or. tests performed, water hardness affects the water
absorption rate more than the co+hex two fmutors (t nperature,
particle size). For a particular particle size wnd temperature,
the wa*er absorption rate of UPZ’” in soft water is nearly four

iLimes as great as that in hard water. (Table I, Figure 1)

Particle size also r.ays aun important part in the water uptake
rate o¢f UPAC, The smaller sized particles tested take up water

at a very rapid rate, but quickly taper off to a fairly constant
level. By comparison, the larger -ized particles grow at a
slower, more steady rate. Af_er one hour a 30-60 mesh sample
grew 212 times its dry wcight. However, the material had only
grown to 222 times its dry weight after five hours, A greater
than 10 mesh sample, pnder the same conditions, grew only 77.5
times its dry weight after one hour, but had reached 150 times its
dry weight after five hours. The smaller sized particles also
tend to grow to larger multiples of their initial dry weights

than the larger sized particles., For a particular temperature and
water hardness, a sample of 30-~" m2sh material grew only slightly
more than a 10-30 mesh sample, but appreciably more than a sample
of >10 mesh material. (Table II. Figure 2)

The temperature of the water used has little effect on the absorp-
tion r-te, Although warm water appears to facilitate growth, this
has not been a universal characteristic. Evidently, influences of
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TABLE il
Change of Original Weight in % ‘
Time vs Change of Particle Size ;
(hours) >10 10-30 30-60
1/2 - 174.0 206.0 :
1 77.5 196.0 212.0
2 117.0 216.0 212.0
3 131.5% 218.0 212.0 !
i ,
5 150.0 221.0 222.0 ; |
J
50 T
1 |
40‘ :'; by
30 3 .
20 /2 >-: /
4_———"/ . ¥
10 o |
& 200 /——
g 90
4 80 ;
70 /
£ 60 I
- 50 ] ;
_g 40 //../ 1
) k
el . 3
5 21l — ]
- 20 .
° 10
§ 100
2‘ 90 i Curve 1 >10 mesh size
© 80 Curve 2 10-30 mesh aire
70 Curve 3 30-60 mesh size
60 ;
(/\'.] r ‘l‘
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30
20
10
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FIGURE ¥ .

COMPARISON OF ABSORPTION RATE AT 10C°F IN SOFT WATER :
4
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the water quality and particle size overshadow the effect of water

temperature. (Table III, Figqure 3)

Rdditional water absorption data is given in Tables IV - VI and

Figures 4 - 6,

A summary of the water absorption values of the five different
particle sizes of UPAC after four to five hours immersion in

water of varying temperatures and degrees of hardness is given

in Table V{I. Based on these values and certain practical con-
siderations, the 10--30 mesh and 30-60 mesh particlie sizes appear

to be preferable to the other sizes investigated fcr most applica-
tions. It can be seen from Table VII that UPAC of these twc
particle sizes is generally equivalent or superior to the other
particle sizes in water absorption under a variety cf conditions.
Although the 60-120 mesh and-120 mesh sizes also have high water
absorption rates, these materials are somewhat less desirable

to use because they are comparatively difficult to handle. Since
both are fine powders, they scatter badly if exposed to any appreci-
able wind conditions, In addition, the particles tend to clump
together when placed in water, even with vigorous stirring or prior
wetting with a water-miscible nonsolvent such as acetone. UPAC

of >10 mesh particle size may also be less useful in certain appli-
cations since it grows at a considerably slower rate than the other
sizes and also does not grow to as large a multiple of its original
dry weight. This is apparentlyv due to the smaller specific surface
area available with the larger particles. The 10-30 mesh and

30-60 mesh particle sizes of UPAC are thus preferred because of

their more nearly optimum combination of water absorption and

handling characteristics,

PR PERCEONF UL WA I
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3 TABLE 11l ‘*
3 Change of Original Weight in 7% -
o T ime ys Temperature (°F) ,'
{(hours) 40 75 100 .
1/2 153.0 158.0 174.0
1 182.0 200.0 196.0
2 218.0 202.0 216.0 '
3 215.¢ 202.0 218.0
4 213.0 - -
5 - 202.0 221.0
i 50
40
30
20 3
10 / :
200 2
90
- 80
vt 70
::. 5 60
3 " 50
! £
g 40
s @
P = 30
- 20 Curve 1 40°F
& 10 Curve 2 75%°F
! .g 100 Curve 3 100°F
v o
- 90
. ° 80
 }. % 70
o ; b 60 |
. B M S0
: 40
: 30
20
10
0 —y s - v Y v r Y v g *f
0 1 2 3 4 5 6

Time (Hours)

FIGURE 3
COMPARISON OF ABSCRPTION RATE OF 1030 MESH SIZE IN SOFT WATER
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Weter Absorption Rate InA‘sli&t!.l Medium & Hard Water

Muitiple of Original Wei

ht

Time -
(hours) §oft }120 Med. Hard }-!LO— Hard H20
1/4 200 75 50
1/2 200 75 50
1 200 75 50
2 200 75 50
3 200 75 50
4 200 75 50
240
230
220
210
200 .1
ol |
180
" 370 Curve 1 Soft water
5, 160 Curve 2 Medium Mard Watsr
".': 150
$ Curve 3 Hard wWater
140
]
g 130
"% 120
ol
& 110
™ 100
)
90
«
- HU
o 2
'22 70
g 60
50 3
%0 /
kI
20
10
0
c 1 2 3 4

Time (Hours)

FIGURE 4
COMPARISON OF WATER ABSORPYION RATES OF UPAC AT 00 F,
<120 MESH PARTICLE SIZE
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Water Absorption Rste vs Temperature

TABLE V

Time

{(hours)

174
1/2

S W N

Multiple of Original weight

40°F
50
50
50
50
50

50

I5°F
48
48
48
48
48
48

R e

Multiple of Originzl Weight

240
230
220
210
200
190
180
170
160
150
140
130
120
110
100
90
80
70
60
50
40
30
29
10

Curve 1} 40°F
Curve 2 75°F
Curve 3 100°F

2
Time (jlours)

FIGURE 5
COMPARISON OF WATER ABSORP 7ION RATES OF 40120 MESH
UPAC IN HARD WATER
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TABLE VI
Water Absorption Rate vs Particle Size

i Time Multiple of Original Weight )
! {hours) 216 10-50 30~60 62-120 <120
| 1/4 - - - 205 200
1/2 - 153 216 205 200
1 1 39 182 226 205 200
2 73 218 226 205 200
3 101 218 226 208 200
4 125 213 226 205 200
240
230
220 3
, 210 | // 7 z
| o 200 5
X I 190
i g 180 Curve 1 >10 Mesh Size
< 170 Curve 2 10~30 Mesh Size
5 160 Curve 3  30-60 Mcsh Sizs
%" 150 Curve 4 60-120 Mesh Sizs
2 140 Curve S «120 Mesh Size
® 130
£ 120 ,/1
& 1o
2 100
¥ 90
80
70
60
50
40
30
a0
10
0
0 1 2 3 4

Tima (Hcurs)

FIGURE 6 le
COMPARISON C¢# ABSCRPYION RATES OF IFFERENT UPAC
PARTICLE MZES AY 40°F IN SOFT WATER
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TABLE ViI
" COMPARISON OF WATER ABSORPTION VALUFS OF DIFFERENT PARTICLE SIZES OF
‘UPAC AFTER 4-5 HOURS UNDER VARYING CONDITIONS OF WATER TEMPERATURE
AND HARDNESS
Water Size of Particle in Mesh
Conditions >10 10-30 30-60 60-120 <l2
Soft H20. 40°F 140.0 213.0 228.0 205.0 200.0
Medium Hard HZO' 40°F 60.5 88.0 82.0 80.0 75.0
Hard H20, 40°F 42.0 60.0 50.0 50.0 50.0
Soft HZO’ 75°F 145.5 202.0 220.0 200.0 195.0
Medium Hard H?O, 75°F 73.0 74.0 70.0 80.0 75.0
Hard HZO' T5°F 44 .0 56.0 52.0 48.0 50.0
Soft HQO, 100°F 150.0 218.0 222.0 200.0 200.0
Medium Hard H20. 100°F 74.5 75.0 76.0 75.0 75.0
50.5 54.0 50.0 55.0 50.0

Hard H20, 100°F
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Mud Solidification. Tests to determine the effectiveness of UPAC

as a mud solidification agent were conducted. For these tests,
local soil was screened through a No, 10 sieve to remove any
foreign materials and to assure sample homcgeneity. Initially,
the screened soil was oven-~dried, but this operation was found

to be unnecessary and was subsequently eliminated., The tests
were conducted using two-inch thick, four-inch thick, and six-
inch thick soil samples containing either 20 percent or 30 per-
cent by weight of soft (distilled) water. All five particle sizes
of UPAC were evaluated to determine their relative abilities to
firm up the soil. Initially, the UPAC was merely distributed over
the surfaces of the wet soil samples, but 1t was found that mixing

the material into the soil was highly advantageous in practically

all cases and essential in some. For this reason, the UPAC was

mixed into all of the six-inch deep samples and some of the two-
inch thick and four-inch thick samples. Three ratios of UPAC to
water were employed in the initial tests. These were 1:50, 1:75
and 1:100. Later, only the 1:100 ratioc was used, since the other
two ratios, requiring more UPAC, did not appear to increase the

effectiveness ¢f the operation,

The apparatus used in the soil ccnditioning tests consisted of a
weighted vertical rod assembly that imparted a pressure of 25
pounds per square inch when rested on the soil sample. The rod,
supported by a collar and a base, was attached to a 0.2194--inch
diameter bolt at the lower e&nd where it contacted the soil sanple,
and contained a platform fcr attaching weights at the top. The
weight of the rod and its associated items was counterbalanced

to aliow the bolt to be free-standing., Under these conditions,

a total weight of 429 grams was required on the 0,0378-square

inch surface area of the bolt to egual the desired pressure of

25 pounds per square inch,

The overall objective of the series of experiments was to correlate
the quantity and particle size of UPAC with the time required to

attain a surfoce yield sctrength of 25 jounds per square inch in the

\ A R T T S
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so0il., In most cases the tests were terminated after 24 hours if
the desired yield strength had not been achieved. The recults of

these tests are presented in Tables VITII, IX and X, which reflect

data for soil samples of two inches, four inches and six inches

! depth, respectively.

Based on the laboratory scale soil conditioning experiments,

serern) conclusions can be drawn concerning the best methods and

matarials to use in the field assessment tests. Firsi, it is

apparent from the laboratory studies that the UPAC granules should

be mixed into the upper porxtion vf the soil. Otherwise, as the

UPAC absorbs the surface water and expands, it swells in an upward
direction away from the level of the so0il. Extremely thorough

mixing is probably not required. Howrver, it is recommended that
the UPAC be bhlended into at least the upper two to rour inches of

soil.

In addition to the effect of mixing, a second major factor in

g soil vonditioning is the particle size of the UPAC employed. Based
on the experiments conducted to date, it appears that moderately
coarse granules (10-30 meskr}) of UPAC result in a higher surface

yield strength in the soil than finely ground material. From a tinme

efficiency standpoint, the best particle size of UPAC to use in
soil conditioning appears to be 30-60 mesh., 1n the six-inch deep
50il samples, the uge of this material resulted in a yield strength

oo ' of nine pounds per square inch within 4% minutes and 25 pounds per

R
-

A
o

square inch in 22 hours. The use of UPAC in the 10-30 mesh and
»10 mesh particle size ranges produced essentially the same yield
strength after 24 hours as the 30-00 mesh material. However, the
short term efficiency of the coarser sizes was somewhat i1nferior
to the 30-60 mesh product. 1If several hours can be allowed for
coenditioning the soil prior to its use as a support surface, it
should make little or no dr{ference whether UPAC of -10 mesh,

10-30 m2sh or 30-60 mesh is employed., In this case, 1t would be

advantageous to use the -10 mesh material, since it would be less
expensive than the finer grinds. However, 1f very rapid conditioning
of the soil is a major consideration, the use ot 310-60 mesh UPAC

is strongly recommended.
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TABLE vill

RESUL TS OF SGIL CONDITIONING TESTS USING TWO~INCH-DEEP SOIL SAMPLES

UPAC Water Content UBAC:
Test Particle in 5011 Water Soil Surface Yield
- _No. Size %) _  Ratio Strength Versus Time
; 1 >10 20 1:75 3-1/4 hours - 25 psi
‘ 2 510 20 1:100 3~1/2 hours - 25 psi
3 >10 30 1:75 Did not attain 25 pei in 24 hrs.
4 >10 30 1:100 Did not attain 25 psi in 24 hrs.
5 10-30 20 1:75 3-1/2 hours - 25 psi
6 10-30 20 1:100 3-1/2 hours -~ 25 psi
7 10-30 30 1:75 Did not attain 25 psi in 24 hrs.
k 8 10-30 30 1:50 ~ 24 hours - 25 psi
9 30-60 20 1:75 3 hours - 25 psi
‘ 10 30-€0 20 1:100 3-1/4 hours ~ 25 psi
é 11 30-60 30 1:50 Did not attain 25 psi in 24 hrs.
;
E 12 30-60 30 1:75 Did not attain 25 psi in 24 hrs.
; 13 60-120 20 1:100 1/2 hour - 17 psi
¢ 1-1/4 hours -~ 25 psi
14 60-120 30 1:100¢1) 1/4 hour - 17 psi
? 1/2 hour - 18 psi
] 1 hour - 22 psi
1-1/2 hours - 25 psi
i 15 <120 20 1:10017 3/4 nhour - 25 psi
16 <120 30 1:10001) <24 hours - 25 psi
(1)

UPAC mixed into the soil sample
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RESULTS OF SOIL CONDITIONING TESTS USING FOUR~INCH -DEEP SOIL SAMPLES

UPAC
Test Particle

No. __Size
1 »10
2 ~10
2 10-30
4 10~-30
5 30-60
6 30-60
7 60-120
8 60~120
9 <120
10 <120

(1)

Test discontinued after

Water Content UPAC:
in Soil Water
(%) Ratio
20 1:100
30 1:100
20 1:100
30 1:100
20 1:100
30 1:100
20 1:100
10 1:100
20 1:100
30 1:100

hiour s

Soi. Surface Yield
Strength Versus Time

3
2-1/2

22-1/2
~24

172
1-1/2

1/2
1-1/2

hours

hours
hours
hours
hours

hour
hours

hour

hours
hours
hours
hours

hour
hour
hours

hour
hour
hours
hours

hour
hours

hour

hours
hours
hours
hour::

hour
hours
hours

—

Did not at;ain
24 hours (2)

25

5
8
20
25

18
25

v ds O~

N

16

25

| e
=0 Ut

A =
W~

6

12
16
25

16
22
25

‘2)Surfac& glaze formed which pirevented the water underneath
from beiny absorbed by the UPAC

psi

psi
psi
psi
psi

psi
psi

nsi
psi
psi
psi
psi

psi
psi
psi

psi
psi
psi
psi

psi
psi

usi
psi1
psi
psi
psi
psi
psi
psa

psi

3y



e g 2 7

in

iy

TR AT MO SIIUCTIORT 4 R Che iRt i ot £ s e S R

TABLE X

SERMRE sl b 30 Bk i St

RESULTS OF SOIL CONDITIONING TESTS USING SIX-INCH-DEEP SOIL SAMPLES

UPAC
Particle

—size
>10

10-3 -

30-60

60~120

<120

(1)

UPAC mixed inte the soil

Water Content
in soil
%)

30

30

30

30

30

UPAC:
Water

aatio

1:100 ')

17100(1)

sample

BRSNS o GATE Ao o

Soil Sarface Yield
Strength Versus Time

NN

&N Wa:

P SEGET, SR S

3/4

3/4

3/4

hour
heoar
hours
hours
hours
houvrs

nour
hour
hours
hours
hours

hour
hour
hours
hours
h¢ ars

hour

hour

hours
hours
hours
hourse
hours

hour
hour
hours
hours
hours
hours
F surse
hours

i

o
[ ]

LA A | I A R A R I O

5
i0
13
17
18

o b

NN O WS

—

psi
pPsi
psi
psi
pai

: psi

psi
psi
psi
psi
psi

psi
pei
psi
psi
pwi

pai
psi
pai
psi
psi
pei
psi

psi
psi
psi
psi
psi
pai
pisi
pai
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Watexr Denial. The capacity of UPAC to absorb and hold large

quantities of water suggested that the material could be used

toc deny water supplies to hostile forces in arid and semi-arid
locales, For purposes of the preliminary evaluation of this use
it was presumed that two kinds of water supplies would be involved:
standing pools (tanks, catch basins, ponds, reservoirs, etc.)

and enclosed (well casings, piping, etc.).

Calculation showed that complete denial of standing supplies

would require considerable guantities of UPAC, 1In hard wator
approximately 54,400 pounds of the polymer would be needed to
completely absorb one acre-foot nf water. In soft water that
amount would fall toc 13,700 pounds/icre~foot. For smaller
quantitizs of free standing water UPAC requirements for denial

are 170 pounds,/1,000 gallons (hard) and 43 pounds/1,02) gallons
{(soft). It should be noted, however, that potable water treated

in this manner is permanently denied since absorbed water recovered
from UPAC by c¢unventional methods (heat, vacuum distillation,

lyophilization, etc.,) is contaminated with ammonia.

A design for a device was developed to demonstrate water denial
in an enclosed suryply. This device consists of a perforated
cylindrical centainer supporting a sample of UPAC in a manner
which will allow it to expand only in a radial direction, See
Figure 7. The advantages of such a device are that the center
and ends are made of metal (aluminum, steel, etc.) and would be

difficult o rupture,

The ability of the device to r:itrict water flow was excellent,
After allowing the UPAC to grow, water flow was totally restricted.
However, friction agains. the walls of the pipe was low and the
device Tould bhe easily moved along the tube. We recommend either
employing ¢+ device with a sheath having high friction oxr putting
the device as presently designed where it will not move (joint,

elbhaow, etc,).

i S+ ek, e A P it o 2 AR
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WATER PIPE
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RUBBER SHEATH

3 | METAL HOLDER

FIGURE 7
RESTRICTION DEVICE
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Anocther restrictiorn device was designed using a cloth hag. UPAC
was placed in the bag which was sealed and inserted in a pipe
with watexr. The UPAC (>10 mech) grew well and restricted water
flow. However, the seams had a tendency to rip and the cloth !

material is subject to punclure and easy removal, The device

does, howsver, restrict water flow effectively and the friction

between wall and fabric is lhigh (76.4 psi).
i A:l restriction devices used »10 mesh UPAC, Cloth bags used 10
: grams of UPAC, while the metal restriction device was loaded with

five graus.

Water Removal from Petroleum Prcducts. Although having a great

capacity for scavenging water, UPAC is inert in the presence of
pectroleum products, It therefore seemed likely the material

could be used to remove water contaminants fxrom FOL.

To evaiuate this applicatinn UPAC was used to remove water from

Jb-4 jet fuel, 115-145 aviation fuel, regular grade commercial
gasoline, diesel o0il, kerosene and lubricating oii. Three
technigues were used for water removal: (1} The UPAC was added
to fuel samples as loose powder, (2) cloth bags containing UPAC

were immersed in fuel samples, and (3) the fuel was passed through

loosely packed cclumns of UPAC. Water content of treated and un-
treated sawples of fuel was determined by the Karl Fisher Method
(ASTM-D1744-64). Treated fuels were studied to determine whether

or not they were contaminated with UPAC by exposure “o that material.

In preliminary tests, one milliliter of distilled water was added
to 99 milliliters of petroleum product and the fuel shaken
vigornusly to disperse the contaminant. One grar of 10-30 mesh

loose granular UPAC was added to the wet POL sample and the

mixture allowed to stand. At the end of one~hour, two-hour and
24-hour intervals the UPAC was collected on a filter and weighed.

The results of these tests are shown in Table XI.

-3
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TABLE Xi
WEIGHT INCREASE OF 1030 MESH UPAC VERSUS TIAE OF CONTACT WiTH
WATER-CONTAMINATED POL PRODUCTS
UPAC Weight ({(grams)

Contact Time JP~-4 115/145 Iubricating Regular
{hours) Jet Fuel Aviation Fuel 0il ) Gasoiine
0 1.00 1.00 1.00 1.00
1 2.00 2.02 1.76 2,23
2 2.02 2.03 1.84 2.30
24 2,00 2.0 1.85 2,25

1 ml HyO = 1 grem

The tabulated weight gains in UPAC in contact with "wet® P-4,
aviation fuel and regular gasoline clearly show that the contamin-
ating wat ‘v was absorbed by the polymer in a period of an hour.
The excess weight gained by the sample exposed to regular gascline
was apparently not due to absorpticn ¢of the fuel itself since it
held constant with time. Tentatively, the excess was ascribed to
selective absorption of water soluble additives in the fuel. Poorx
results observed with lubricating oil were ascribed to the high

viscosity of that material.

Additional samples of JP-4, aviation fuel, lubricating oil and

reqular grade gasoline were contaminated with one ppm water, One
gram of 10-30 mesh UPAC was added as loose powder tn the contamin-
ated sample. After 24 hcurs the POL materials were decanted from
the UPAC and analyzed for water content by the Karl Fisher method

already referenced. The result:s are tabulated in Table XITI.
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ﬁ TABLE Xt
% WATER CONTENT OF POL SAMPLES BEFORE AND AFTER TREATMENT
‘] WITH LOOSE UPAC
Water Content {(ppm) _
.: Ag (1) ﬁftgr . (2) After
: Received Contamination Treatment
E Je-4 40.2 10% 50.3
;} % . 115,145 Aviation Fuel 34.7 104 40.1 ;
1@ ; Regular Gasoline 58,1 104 54.4 i
i § Lubricating 0il 17.6 10? 130.6 §
q ! Kerosene 79.6 104 35.0 %

1 L] h L . .
( )The *normal" cencentration of watexr in the material

before purposeful contamination by Unidynamics,

(2)

FEstimated by calculation.

Columns were prepared by adding 20g of loosely packed, 10-30 mesh
UPAC to standard 25 mm diameter chromatographic funnels with medium
porosity glass frit. The columns were approximately two inches

POL samples were passed through such columns by gravity
The effluents

from the column were analyzed for water content as already described.

in height.
flow before and after addition of one pph water.

The results are tabulated in Table XIII below:
TABLE Xiil

MOISTURE CONTENT OF POL SAMPLES BEFORE AND AFTER TREATMENT
IN UPAC COLUMNS

Moisture Content {ppm)

As Received Material Contaminated Material

Before After Hefore(l) Atter

Column Column Coclumn Column
Jp-4 40.2 19.5 10% 20.7
115/145 Aviat.on Fuel 347 16.4 10% 13.4
Regular Gasoline 68.1 15,3 104 38,6
Lubricating 011 17.6 22, 104 172.5

(1)

Estimated by calculation.
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Further study of column effactiveness was performed with the equip-
ment sctup shown diagrammatically in Figure 8, The columns used
were 0,44 inch in diameter, They were charged with three or six
grams of 10-30 mesh UPAC which resulted in a column length of two
inches or four inches respectively {(bulk density of 10-20 mesh

UPAC approximatsiy 38 pounds/cukbic feet), Flow through the columns
was controlled by requlating the head presusure or changing the
diaweter of thoe exit corxifice.

Kevosene was chosen as a representative ™" material. About 20
gallons of that liquid was contaminated wi o “pproximately one
part per thousand water and allowed to egquilib. ate overnight
after thorough mixing. 2t each different flow rav~ studied,
approximately four liters of kerosene were passed thihugh the
column. The last liter was sampled and the water content determined
by the Karl Fisher method., A fresh column was employed a“- each
flow rate. The results obtained are tabulated in Table XIV below
and shown graphically in Figure 9,

TABLE XIv

MOISTURE CONTENT OF KEROSENE TREATED IN UPAC COLUMNS

3g Column 6g Column
Effluent Effluent
Moisture Moisture
Flow Rate (1) Content _Flow Rate Content
Liters/min, Gallons/min. {ppm) lpm gpm(2) (ppm)
.14 7 20.5 .26 13 24 .0
.79 36 53.9 .66 32 £6.3
1.04 51 57.2 .80 39 49,6
1.44 71 59.2 .98 48 58.3

(1)

Calculated value on basis of increasing column
diameter to six inches and column charge to 1.2
pounds .,

(Z)Calculated value as above with column charge of

2.4 pounds,

aamt oS
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VARIABLE HEAD

15 - 20 GALLONS
CONTAMINATED FUEL

UPAC COLUMN

VARIABLE CRITICAL ORIFICE

GRADUATED RECEIVER

7

—

FIGURE 8
APPARATUS FOR STUDY OF DEWATERING POL LIQUIDS
WITH UPAC COLUMNS
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FIGURE ¢
REMOVAL OF WATER FROM KEROSENE WITH UPAC COLUMNS
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~ series of tests were performad to determire (1) whethey or not
UPAC abscrbed the POL l.iquids under test, and {2) whether or nct
the POL liquids had any solvent action on the poivmer. over pro-

longed period of contact,

Large solid sections of UPAC were carefully weighed and then
immersed in the varicus test liquids for 72 hours., After that
period, the UPAC was removed from the ligquid, blotted d&ry and
raweighed, The results below c¢learly show that none of the POL
materials are absorbed,

TABLE XV

72-HOUR POL ABSGRPTION TEST RESULTS

POL Original Weight Weight of 72 Hour
{g) frmersion {g)
IP-4 10.6325 10.6315
115/145 Aviation Gas 10.301¢C 10,2984
Regular Gas ‘ 9.7527 9.7506
Lubricating 0il 7.1648 7.1650

Measured volumes (10.00 ml) of POL liquids were kept in corntact

with one g samples of 1)0-30 mesh UPAC for one week at a temperature
of 75 F. After that pericd the UPAC was removed by filtratiorn and

the filtrate evaporated to dryness on a steam bath along with control

samples of the test liquids. The results tabulated beslow show
that no UPAC was dissolved over the interval studied.
' TABLE XVI

ONE-WEEK POL SOLVEKT ACTION TEST RESULTS

Non-Volatile Solids (q)

Control In Contact with UPAC
JP-4 0.0002 0.0014
0.0012 0.0003
115/145 Aviation Gas 0.0005 0.0003
0.0027 0.0009
Regular Gasoline 0.0005 0.0002

0.0103 0.0109

e T N L A T TSI TP MY UuOL R a0 M L A 7 TR A B
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Useful Work., It was known that relatively high pressures can be

generated when UPAC is confined as it absorbs watexr. This fact
suggested that the expansion of UPAC couid be harnessed to produce
useful work. As part of the subject effort;, a device was designed
for demonstrating this capability of UPAC, Figure 10 is a sketch
of the device, Its operation is quite simple, The conical ex-

pansion chamber is lined first with a fine screen and then with
analytical grade filter paper (120 mesh screen and Whatman No, 1
paper are adequate). The lined chamber is then filled level with
large particles (greater than 10 mesh) of UPAC, The piston is
removed, the cylinder is bolted in place, and the assembly immersed
in water just deep encugh to cover the shouvlder, After inspection
of the interior of the expansion chamber toc make sure the UPAL

is thoroughly wet, the piston is inserted and bottomed on the
surface of the polymer:; the air forced from the c¢ylinder is

vented cut of the expansion chamber and reservoir through a

bileed pert located in the hody of the device., As the UPAC expands
it is prevented from extruding through the perforations in the

chamber by the screen reinforced fiber mat of the filter paper.

The expanding UPAC thus forces the piston to rise.

Data taken with the subject device are plotted in Figuresll and 12.
Figure 11 shows the distance traveled by the piston under constant
load conditions, PReplicate data points obtained are indicated

2long each curve, The dashed portion of the 60.5 pound load line
was extrapolated using a smooth curve. Figure 12 shows the same
data in a semi-logarithmic plot with lcad given in psi rather than

dead weight and piston travel given as average rate (calculated by

dividing travel in inches by time in hours).

Study of the latter figqure indicates that the upper limit of load
with which useful work may be obtained by expansion of UPAC 1is
approximately 700 psi, This value is apparently the maximum back

pressure against which UPAC will abscrb water,
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The precision of the useful work device was evaluated by measuring
piston travel over four separate cycles ¢ approximately 10 dcys
duration. The results of those measurements are shown graphically
in Figure 13,

Disabling Internal Combustion Engines. 1In the laboratory phase

an electric generator set was used to ascertain the usefulness

of UPAC in disabling c¢ooling and fuel systems of internal combus-
tion engines., The generator produces 13 amperes and 1.5 KVA,

and is powered by a Krchler Model No. 1E21H four-cylinder engine
with an output of four horse power at 1,200 rpm, The coolant used

was a 50/50 mixture of commercial glycol antifreeze and water. Engine

temperature was monitored by installing thermocouples as shown in
the diagram in Figure 14, Figures 1% and 16 show the temperatures
reached in the engine under normal operatcion conditions of no load

and full load, respectively.

First efforts (Figures 17 - 19) were unsuccessful in terms of
overheating the engine. Internal inspection of the coecling system
indicated that the failure was probably due to the inability of
the large particle size material to efrfectively blcck wabter

passages and galleries,

Further tests were conducted using UPAC in finer mesh sizes, The
results {(Figures 20 - 23) c¢learly showed that 50 gram charges of
elther 10-30 or 30-60 mesh UPAC effectively incapacitated the

cooling system, They further showed that 30-6) mesh material was

superior tn this regard,

Additional tests (Fiqures 24 and 2%) showed that rapid ircapacita-
taon of the engine was possible with even 30 gram charges of 30-60
mesh LEAC,

Atter each oi the tostsdescribed above a major effort was reguired
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to c¢lear the ccoling system of swollen UPAC, It was necessary

to remove and flush the radiator, hoses and the head. The cooling i
galleries and passages in the block were cleared by removal of §
the four freeze plugs and back-flushing with water., It was clear §
on inspection of the condition of the coolirg system that the g
effort described was necessary if further operation of the engine %
was desired. To continue operation would have resulted in serious %

{

internal damecge due to heat buildup.

Text continued on Page 47,
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FIGURE 2!

ENGINE DISABLE TEST NO. 5
50 GM UPAC 10-30 MESH, FIVE-MOUR WAIT BEFORE STARY, WITH LOAD
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ENGINE DISABLE TEST NO. 6
50 G UPAC 30-80 MESH, IMMEDIATE START , WITH LOAD
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FIGURE 21

FNGINE DISABLE TESY NO. 7
50 Gan UPAC 30-40 MESH, FIVE -HOUR WAIT REPORE STARY
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ENGINE DISABLE TEST NO. 8
3 GM UPAC 20-60 wiESH, IMMEDIATE START
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FIGURE 23

ENGINE DISARLE TEST KO, 9
I GMUPAC X80 MESHN, FIVE-HOUR WAIT BEFORE STARY
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f FIELD TESTING

Improvement of Tactical Surfaces, Objective: UPAC was tested

as a dust suppressant on helicopter landing pads and as a means
of improving the load bearing quality of wmud. The tests were
per formed at Unidynamics' plant site using a UH-1H aircraft
provided by the government. Personnel from Land Warfare Labora-

bﬁ tory were on hand to observe these tests.

}i Test Area Description - Three 75 foot square pads were prepared

‘ on Unidynamics' plant site., The pads were arranged as shown in
Figure 26, The ground on which the pads were lncated was the
dry, sandy clay typical of the southwest desert., Because there
was no ground cover and there had been no significaat rainfall in

over two months, the test area was exceptionally dusty.

weather Conditions During Test Periods - Figure 27 graphically

'shows air temperature and humidity during the three-day test
period. The data was obtained from the operational weather
squadron at Luke AFB which is situated approximately eight miles

due north of Unidynamics' plant site., Except for a brief period

of high wina (30-50 mph out of the northwest at approximately
3 1800 hours on the 2vening of September 15) the weather was clear

at all times. Prevailing winds were out of the scatheast i1n the

mornina and the scuthwest 1n the atvernccrn, Prevailing wind

velocity ranged from doad ~alm to about five mpl..

surface tempeoratures on the test pads were not measured. Unidynamics'
experieace indicate:, however, that values as¢ kign as 1265-139°F are

typical in the kind of weather experienced during the test period,

Dust Suppresrs-ion - At approximate.y 0H3N hou:rs on 14 September 1971,
{ 49 pounds of 10-30 mesh UPAC were evenly distributed on Pad 2, using

hard carried spreaders normelly empioyed for seeding lawns., After
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épreading was complete (15 minutes, two men) the surface of the 3

pad was rolled with a leveling roller suspended from a three- %

point hitch on a Ford Ferguson Tractor, Immediately after rolling %

was complete, Pads 1 and 2 were sprinkled with a total of about %

5,000 gallons of water. The pads were then left to “cure" until §

4

testing began four hours later,.

The results of testing are described below and fully documented
B ' in 25 mm color slides and 16 mm color move footage

14 September 1971 - Both the control and treated pads were ;

stiil somewhat damp when testing began. The high moisture

content of the soil and the surface crust formed by

sprinkling combined to create low dust from both pads when
the test aircraft hovered and/or approached. Considerakle
dust was raised from the surrounding area, however, and it
became c¢lear that it would .e necessary to thoroughly wet

these areas in order to evaluate test results properly.
During this first day of testing the aivcraft hovered
and/or appreoached the test and control pads for a period

of about two to three hours.

15 September 1971 - Testing was resumed at 10030 hours,

approximatelv 26 hours after tost pad preparation. Just
prinr to arrival of the test aircraft the areas surrounding

the test pads were dampened thoroughly. No water was added

to the experimental or control pad surfaces. Tne crust of
these sul faces was broken up by heavy crisscross traffic of

ol two Ford Ferguson tractors,

Inspection of the pad surfaces showed that the control area
was quite dry and powdery, The surtface treated with UPAC,

however, was still somewhat moist and had a "tacky" feel.
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Chsexvation of the pads from a distance disclosed an obvious

difference in the appearance of the two surfaces.

The test alrcraft made an averagqe approa2ch into Pad 1

(control pad) as testing began, Heavy dnisting cccurred,
obscuring the aircraft completely from view in all quadrants
arcund the area. A similar approach to Pad 2, however, created

very slight dusting.

For the remainder of the day the test aircraft approached,
landed and hovered over the surface of Pad 2, By 1600

hours (approximately 30 hours since pad preparation} dusting
was becoming heavier but was not sufficient to present any
significant problem according to observers from the sponsor.
Wwi.. @ testing was susnended for the day an additional three
to five hours of operational time had been logged on the

test pads.

16 september 1971 - Prior to arrivai of the test aircraft,

the areas surrounding the test pads ware thoroughly soaked,

No 'vater wa. added to the suarfaces of either Pad 1 or Pad 2.

when testing commenced approximately 48 hours had elapsed

since vrad 2 had been treated with VPAC and dompened. As

the test aircraft approached and ianded relatively heavy
dusting occurred, indicating that t'e effective pericd of

the treatment had been surpassed. At that, however, the
dusting created was not nearly @s severe as that which occourred
on the control pad, F'er that matter, 1t was not as severe

as that wnich had occurred in the control area 24 hours before
{9,171

After operating over Pad 2 for approximately 30 minutes,

testing was suspended and the pads retreated. 'The controil




L asieba

P e i Nwh ada b L

pad was thoroughly soaked with approximately 10,000 galloas

of watexr. Pad 2 was dampened with approximately 300 gallons
of water. After treatment o the pads they were allowed to

“cure" for about two hours, Pad 2 was then subjected to

heavy crisscross traffic with a I':rguson tracter.

The test aircraft then approached and landed on both test
paus repeatedly. Low dust levels were ch:erved in both
areas., Close inspection of the surface of Pad 2 subsequent
to repeated landings by the test aircraft disclosed that

the soil and UPAC were loosely aggregated in a somewhat
"tacky", fragile matrix, The presence of the swollen

UPAC on the pad caused no problems in terms of slipperiness
or poor footing (q.v., mucd solidification below) nor did

the s0i)-UPAC aggraegate tend to stick ercessively to vehicle
wh 21s or the feet of individuals traversing the area,

Mud Sclidification - Inconclusive results were achieved in this
phase of testing due exclusively to difficulty in preparing a

satisfactory "soft" mud with the test site soil.

After constructing an 18 inch high berm around Pad 3, the area

was treated by inundating with 75,000 gallons of water (sufficient
volume to produce A pond approximetely 1.1 feet in depth). The
water was applied between 1400 and 1600 hours, 13 September.
Incpecti n ¢f the site at 0OBOO hours on 14 Septemk»r, showed
however that there was no standing water on the pad and that

the surface would easily support foot and vehicular traific.

Ao aaditional quantity cf %0,000 gallons vas pumped onto the vad
between UB30 and 1030 hcecurs on 14 September, bringing the total
deoth of water applied to slightly over two feet. While water
was ©tiil standing on the pad an area 15 foot square (located

on the eastern perimeter of the pad) was then treated with 100
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pounds «f 10-30 wmesh UPAC. The material was spread by hand by

two men in apprcximately 15 minutes., No ¢, _rt was made to mix
the UPAC +ith the mud, The treated areas was left to “cure" for
approximately rour hours. Inspectiocn of the site at the end of
that tire revealed no standing water anywhere in th. pad; the
areas untreated with UPAC were sufficiently strong to support
foot traffic. The treated avrea, however, be’i g covered with a
chick layer of swollen YPAC which lay on the firm earth surface
Leneath, was slippery and difficult to travers »n fHot because
of that characteristic (q.v. dust suppression, above). The ex-
periment was decla:ed "no test" and further efforts in the area

suspenuad,

Water Remcval from POL., A 55-gallcon drum was filled with

gallons of fuel oil from an underground reservo.r. Samples of
tinis POL were taken for analysis and labeled as controls. “he
POL was then contaminated with 1200 i of distilled we 'er,
representing approximately ole percent 2ontamination of the fuel,
The contaminated fuel was then agitated and sampl:s taken tc

aralyze fcor amount of ontamination.

Two cne-foot lon~ cloth bags with an ¢.proximate diameter of 1 1/2
inches and each fili=»d with ten grams of (PAC, we e used sz water
removal Jevices at the . ottom oi tie drum, Tho clocth hags with
UPAC were placed in the contaminated POL and allowed to sit for

40 hcours. Results were as follows:

Contrul sample 28 ppm
Contaminatec sample 141 ppm
~ontaminated samples after treatment 111 ppm

Removal of the (loth bags show d that cor "iderable water had becn

ibsorbed by the UPAC. The low erliciency wir dehydracion of the

~

contaminated fuel was ascr._bed to poor agitation and a low l-~vel

‘n the fuel,

of contact between the UPAC and the water dissolved
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bisab..ng Vehicles. Two junked cars were purchased for the field
testing of UPAC i.. disablinc vehic’es, They were both aquipped

with ¥ -d Moto. Co. sir--cylinder engines with a cocling system
capacity of 16 quarts. One car was used for vooling-system
incapacitation while the other car was used for fuel-system

incapacit-*ion.

The cocling system incapacitation test was performed by adding 50
grams of 10-30 mesh UPAC to the radiator and waiting one hour
beior< starting the engine., When the engine was started, it over-
heated in 14 minutes., A heater hose ruptured and the coolant

-ater) bo‘led vigorously. Inspection of the engine after cooling
showed that tie -adiator and radiator hoses were solidly plugged
with UPAC,.

The ef ort to incapacitate the fuel system of the second car was
unsuccr sful., Five grams of loose 10-60 mesh UPAC and 100 ml of
water were added to the gas tank containing four gallons (15
gallon tank), and the system was allowed tc "cure" for 16 hours.
After that time the engine was started and ran at a fast idle
for 30 minutes. There was no evidence of fuel starvation at any

time., It is presumed that the water and UPAC settled in the fuel

tank sump and did not enter any of the lines,
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CONCLUSIONS AND RECCMMENDATIONS

The data acquired during the subject study establishes the
feasibility for four military applications of UPAC, Each of
these applications and the further work regquired to fully
develop them is discussed separately below.

water Removal from POL. POL materials purposely contaminated

with water and then scrubbed by passage through a column of UPAC
contain less moisture than the material did before ccontamination.
Preliminary data suggests that flow through such columns can be
in the order of several hundred gallons/minute. Other than de-
hydration, there appears to be no effect on POL products which

have been in intimate contact with UPAC.

To develop this application further, chemical engineering

studies are required to:

(1) Determine parameters such as optimum column dimensions,
maximum throughput volumes, hydraulic characteristics
of the columns, column exhaustion and breakthrough
characteristics, regeneration procedures, etc.

{2) Perform detailed analyses of the POL materials treated
with such columns to confirm that contact with the poly-

mer has no effect on end use.

(3) Design suitable prototype columns for test in the field

on military equipment.

Useful Work. The expansion of UPAC as it absorbs water can be

harnessed and made to move substantial weights. Although the
generation of work energy is slow it appears to be wholly
predictable with respect to time. Data acquired during the
study indicates that temperatures above freezing will have little

effect on the rate at which work is generated. These characteristics
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suggest that UPAC may have application as the timing element in
delays. 1In that rcle the work potential of the expanding material
could be stored in a spring or similar device and released at

the end of the delay. Such a unit need not rely on external

power scurces such as batteries, escapements, etc., either te
perform the timing operation or the function desired at the end
of the delay period.

To develop this application further study is required in order to:

(1) Clearly identify the precision with which the delay
increment can be measured.

(2) Completely characterize the work function of the
material as it is related to particle size, hydrostatic
and mechanical pres.ure, temperature, etc.

(3) Design prototype delay units and test those units in the
field.

Disabling Internal Combustion Encines., Small quantities of UPAC

introduced into the cooling system of a liquid cooled engine

cause catastrophic failure of that system after 10-20 minutes of
engine operation.

Preliminary data indicates that one to two grams of 30-60 mesh
UPAC per quart of cooling capacity is sufficient to cause over-
heating. This ratioc applies to coclants with ethylene glycol/
water mixtures as high as 50/50. Inspection of engines disabled
in this manner shows that a major effort is required to clear
the stoppage and make the unit operational again.

Further development of this application will require study of:
(1) Optimum quantities and particle size of UPAC.

‘?)  Optimum packagina methods for introduction of the UPAC

into cooling systems.
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(3) Effectiveness of the method in the field on engine

types in use by the military.

(4) Potential countermeasures,

Dust Suppression. Field tests show that it is possible to

suppress dust during helicopter operations by treatment of the
pad area with UPAC and a light water spray. As little as seven
pounds cof 10-60 mesh UPAC and 200 gallons of water per 1,000
square feet of surface is required. Exceptionally low dust
conditions were achieved for as long as 30 hours on a pad treated
in this way in spite of the adverse (high heat and low humidity)
weather conditions during the test period. Dust control in the
treated area was restored at the end of the test period by the
application of a water sprav of only 50 gallons per 1,000

square feet,

Further development of this technique will require:

(1) Long term evaluation perfoimed in the field under a
variety of weather conditions and for prolonged periods
of aircraft oper:‘tion,

(2) Syetematic study to optimize treatment methods and mater-

ial characteristics,

. sl



